Neuroendocrine tumors (NETs) are increasing in incidence.
Learning Objectives
Upon completion of this activity, participants will be able to:
• Distinguish the most important prognostic factor for survival in cases of NETs • Analyze surgical options for the treatment of liver metastases associated with NETs • Assess the use of embolization of liver metastases associated with NETs • Evaluate other treatment modalities of liver metastases associated with NETs
Neuroendocrine tumors (NETs) are rare, with a rising incidence over the past few decades of 5 to 7 cases per 100,000. 1, 2 Gastroenteropancreatic NETs have the sec-erogeneity of tumor biology, and often multiple treatment modalities. Outcomes after hepatic resection for NETs take into account overall survival but must also consider symptom palliation. As one might expect, having hepatic tumor burden amenable to surgical resection suggests more favorable biology. This is reflected in median overall survival ranging from 27 11 to 78 months 12 in patients who undergo hepatic resection compared with 27 11 and 17 months 12 in patients with unresectable tumor burden.
Yao et al. 13 used defined criteria to direct patients to either surgical resection or chemoembolization. In the group who underwent surgery, all of the tumors were completely resected without operative mortality, and the overall 5-year survival rate was 70%. Survival was prolonged in the subset of patients who were able to undergo potentially curative resections 14 ; however, symptom improvement can be seen in patients undergoing curative and palliative resection. 14, 15 It is important to distinguish between surgical resection with the goal of complete tumor removal (i.e., curative intent) and palliative cytoreductive hepatectomy. When cytoreductive hepatectomy is undertaken (i.e., removal of at least 90% of hepatic tumor burden), hormone-related symptom relief ranges on average from 6 to 24 months. 14, 16 A more recent study by Osborne et al. 17 specifically compared outcomes of hepatectomy with curative (N = 38) or cytoreductive (N = 23) intent and embolization (N = 59) for patients with symptomatic NET hepatic metastases. Surgical resection resulted in more durable symptom control compared with embolization (32 vs. 22 months), and significantly prolonged survival, particularly when undertaken with curative intent (median, 50 vs. 32 months for cytoreduction and 24 months for embolization).
Several retrospective series have sought to characterize prognostic factors that may help in patient selection for resection of liver metastases. Yao et al. 13 showed that resection of the primary tumor first, followed by liver resection of 4 metastases or less significantly improved disease-free survival (46 vs. 20 months in patients with > 4 metastases) after hepatic resection. However, Sarmiento et al. 18 advocated the benefit of synchronous resection of pancreatic NETs and hepatic metastases (71% overall survival at 5 years) with a tendency toward improved survival in patients who underwent complete resection of all gross disease. Norton et al. 19 reported ond highest prevalence of all gastrointestinal cancers. Not surprisingly, the liver is the most common site of metastases, in addition to regional lymph nodes. As many as 75% of small bowel NETs and 30% to 85% of pancreatic NETs present either synchronous or metachronous with liver metastases. 1, 3 In addition, 5% to 10% of patients with NETs present with liver metastases as their initial presentation, with primaries of unknown origin. It has been shown that hepatic metastases are the most important prognostic indicator of survival in patients with NETs regardless of the primary site. 4 Historically, 5-year survival rates for untreated neuroendocrine liver metastases range from 13% to 54% compared with 75% to 99% in patients without liver metastases. 5, 6 Progression of liver metastases associated with bony metastases can often be seen in NETs and is an indicator of aggressive disease. Therefore, distinction is often made between treatment modalities based on aggressiveness of tumor and extent of extrahepatic metastasis. The presence of liver metastases and their patterns of distribution are prognostic indicators. 7, 8 Currently, consensus is lacking regarding how NET liver metastases should be managed, specifically regarding the goals of therapy (curative vs. palliative), indication for initiation of treatment (tumor burden, symptoms), and optimal means to achieve these objectives (systemic therapy, surgery, percutaneous interventions). 9 This article focuses on liver-directed therapies for metastatic NETs, specifically the role of cytoreductive hepatectomy, liver transplantation, and percutaneous interventions (e.g., ablation, chemoembolization, radioembolization). Given the propensity for poorly differentiated tumors to be treated with systemic therapy, this discussion is limited to the management of low-grade (i.e., well-differentiated and moderately differentiated) tumors.
Surgical Resection
Surgical resection of hepatic NET metastases, when feasible, is the optimal treatment; however, only 10% to 20% of patients with liver metastases are candidates for any type of surgical resection. In addition, surgical morbidity and mortality needs to be taken into consideration owing to the often indolent biology. Overall survival after hepatic resection differs among reported series, from 46% to 86% at 5 years and 35% to 79% at 10 years, 10 reflecting diverse patient selection, het-a 60% 5-year overall survival for patients undergoing combined resection of advanced NETs and liver metastases, despite 100% recurrence within 7 years. Even the largest reported series from Mayo Clinic on hepatic resection for NETs showed high recurrence rates (76%) for completely resected liver metastases, with a median time to recurrence of 30 months, although improved when compared with 91% and 16 months in the incompletely resected group. 15 Similar to other studies focusing on resection of hepatic metastases, complete resection was an important factor influencing recurrence. 20 However, the high recurrence rates despite complete resection levels the playing field in favor of performing more incomplete resections to preserve more liver parenchyma. In addition, whether to leave the primary tumor intact when dealing with metastatic disease to the liver remains to be determined.
Only a few recent studies have attempted to compare surgical resection with other interventional therapies or best medical supportive care. In addition to Yao et al., 13 Chamberlain et al. 21 compared surgical resection with hepatic artery embolization and medical therapy in a group of 85 patients, 38 of whom had extrahepatic disease. Overall 3-and 5-year survivals for the entire cohort were 61% and 53%, respectively. On subdividing the patients into surgery, embolization, and medical therapy, survival was prolonged in the group undergoing surgical resection. However, surgery was only beneficial in patients with less than 75% tumor involvement of liver. 20 Other studies emphasize the benefit of surgical resection (> 96 months median survival and 72% 5-year survival) compared with regional therapy (50 months median survival and 50% 5-year survival); however, these therapies were only beneficial in patients with less than 50% liver involvement. 21 Another more recent retrospective review of patients with metastatic NETs to the liver compared the combination of resection and chemoembolization with either treatment alone. The mean overall survival was greatest in the combination group (148 months; P = .001) compared with surgery alone (131 months) or chemoembolization alone (42 months). By multivariate analysis, age and treatment modalities were independent predictors of overall survival.
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Liver Transplantation
Aside from surgical resection, liver transplantation for metastatic NETs is another alternative approach with curative intent or refractory symptoms not amenable to alternative therapies, although its efficacy remains to be proven. Initially, transplant has been offered to patients whose liver disease is not amenable to resection because of the slow-growing tendencies of NETs.
The initial series report data on generally unselected patients with poor overall and recurrence-free survivals. Le Treut et al. 23 (N = 85) and Lehnert. 24 (N = 103) reported 5-year overall survival rates of 36% to 47% and 5-year recurrence-free survival rates ranging from 17% to 24%. Le Treut et al. 23 showed that survival was improved for patients with carcinoid tumors versus noncarcinoid tumors (69% vs. 8%, respectively, at 5 years). A larger single institution series on transplantation for NET hepatic metastases reported 5-and 10-year overall survival rates of 80% and 50%, respectively. 25 Increased proliferation as measured by Ki-67 immunohistochemistry of 5% or greater and aberrant expression of E-cadherin identified a subset of patients with a less-favorable prognosis after hepatic transplantation for metastatic NETs. Dousset et al. 26 showed the importance of patient selection when considering liver transplantation for metastatic NETs, suggesting that patients with extrahepatic and indolent disease (in contrast to rapid tumor growth unresponsive to alternative therapy options) be excluded.
The most recent report on liver transplantation for metastatic NETs by Le Treut et al. 27 confirmed that extensive liver tumor burden and duodenopancreatic primary tumor location negatively impacts 5-year overall survival (12% vs. 68% in the group without the criteria mentioned earlier). Frilling et al. 28 excluded patients for transplantation by using high Ki-67, unresectable extrahepatic disease, and presence of carcinoid heart disease. One additional group used even more stringent criteria, including tumor grade, surgical resection before transplantation, tumor burden within liver, disease stability for minimum of 6 months, and age to obtain 90% overall survival and 77% recurrence-free survival at 5 years. 29 In summary, the role of liver transplantation in metastatic NETs is still being defined and will continue to evolve as the criteria for transplantation are modified. Living related liver donors may play an rates of overall survival and radiologic response. Several groups advocate liver tumor burden of greater than 50% to 75% as a relative contraindication for TACE because of elevated mortality rates secondary to liver failure. 35, 37, 38 Gupta et al. 35 showed lower median survival durations and response rates in patients with greater than 75% liver tumor involvement who underwent TACE; however, most patients were able to be treated safely and successfully when only a small portion of the liver was embolized in each treatment. Current trends are for either lobar (selective) or segmental (highly selective) embolization to minimize the risk of carcinoid crisis, acute liver failure, and tumor lysis syndrome. Portal vein thrombosis or underlying hepatic insufficiency are other relative exclusion criteria requiring extreme caution and highly selective embolization. 37, 39 TACE has acceptable peri-interventional morbidity (23%) and mortality (5%), as reported by the authors' group, with documented symptom palliation durable for a median of 13 months in 92% of patients. 39 The duration of symptom response was likely underestimated, because most patients report better symptom control for 2 to 3 years after TACE compared with pre-TACE, despite progression. This has been validated in a more recent study suggesting that TAE or TACE should be used in the setting of tumors that are unresectable or not amenable to ablation, with a reduction in tumor burden in 50% of patients and 5-year survival rate of 60%. The symptomatic response rate was 90% with a median duration of 2 years. 40 Although the role of liver-directed regional therapies for metastatic NETs is well established, consensus is lacking regarding the techniques and chemotherapeutic agents (see Table 1 ).
A newer approach uses drug-eluting beads loaded with doxorubicin (DEBDOX) to combine chemotherapy and embolization. Only a few small series have been reported in the literature thus far, but results are promising in terms of consistent delivery of drug and ease of use [41] [42] [43] (Table 2) . Biliary toxicity with DEBDOX has been documented as a rare but potentially fatal side effect, and precautions must be taken to recognize this complication. 44 Previous pancreaticoduodenectomy (Whipple) or biliary instrumentation (sphincterotomy, stent placement, biliary-enteric bypass) is also associated with an increased incidence of liver abscess after TACE and TAE. 45 increasing role in the future, increasing the donor pool and expanding the number of patients listed for transplant. Also, the prognosis for pancreatic NETs compared with midgut NETs differs immensely, further emphasizing the need for prospectively gathered data and better-defined criteria for transplantation.
Transcatheter Arterial Embolization and Chemoembolization
Because of the dual blood supply of the liver and hypervascularity of liver metastases supplied primarily by the hepatic artery, transcatheter arterial embolization (TAE) and transcatheter arterial chemoembolization (TACE) offer excellent strategies for inducing tumor ischemia. TAE and TACE have been used to decrease tumor burden, palliate symptoms, and reduce hormone levels in patients with metastatic NETs. Bland embolization was used first until a report from Moertel et al. 30 was published, which showed a higher disease regression rate and a longer duration of regression with systemic chemotherapy after TAE than with TAE alone, which prompted the increase in TACE procedures. Controversy still exists regarding whether chemoembolization is better than embolization alone, the extent of liver volume that should be embolized during a single treatment, chemotherapeutic regimens, and timing of the procedure (early or late) in the disease course. Multiple studies showed marginal difference in TAE versus TACE in median overall survival, symptom improvement, morbidity, and mortality. [31] [32] [33] [34] Despite the unclear evidence favoring TACE over TAE, Gupta et al. 35 showed a trend toward prolonged survival (31.5 vs. 18.2 months) and an improved radiologic response rate (50% vs. 25%) in patients with metastatic islet cell tumors undergoing TACE compared with TAE. The advantage of TACE over TAE was not seen in metastatic carcinoid tumors. However, overall survival is generally improved postembolization in metastatic carcinoid tumors compared with islet cell tumors, with median survival ranging from 27 to 80 months versus 9 to 20 months 30,36 ( Table 1 ). Given that most studies evaluating intraarterial therapies combine pancreatic NETs and carcinoid tumors, direct comparisons between tumor types and treatment modalities are difficult, if not impossible.
Multiple groups have studied the association between percent of overall liver tumor burden and Aside from TAE or TACE, isolated liver perfusion has been performed via operative and percutaneous techniques for patients with isolated and unresectable liver metastases in the setting of NET. Patients with both ocular melanoma and metastatic NETs often develop either isolated or diffuse liver metastases without additional sites of extrahepatic disease. The goal of hepatic perfusion is to deliver high-dose therapeutic agents to the liver via the hepatic arterial system to improve efficacy and eliminate systemic side effects. 46 Currently, limited data have been published for isolated hepatic perfusion using either melphalan or tumor necrosis factor, with one study of 14 patients reporting an overall response rate of 50%, 7-month progression-free survival, and 48 months overall survival. 47 The role for isolated hepatic perfusion will continue to develop as more patients are recruited into cooperative institution clinical trials for patients with well-defined liver tumor burden and normal synthetic liver function.
Radioembolization
Two radioactive microsphere devices are currently approved for the treatment of unresectable hepatocellular carcinoma (TheraSpheres, MDS Nordion, Ottawa, Canada) and unresectable colorectal cancer metastases to the liver (SIR-Spheres, Sirtex, Woburn, Massachusetts) with adjuvant floxuridine. Both of these devices use yttrium-90 ( 90 Y) as a pure β-emitter, with a mean tissue penetrance of 2.5 mm. As an intraarterial regional liver therapy, radioembolization is similar to TACE. High doses of radiation can be delivered to the tumor via the hepatic artery, with relative sparing of normal liver parenchyma. 9 Results from Canada, Australia, Hong Kong, and the United States for other tumor types using radioembolization show acute and subacute toxicities that are more tolerable than those associated with other hepatic embolization procedures.
Radioembolization has evolved into another effective treatment approach for neuroendocrine liver metastases as reported in the recent literature. [48] [49] [50] Radioembolization used for metastatic NETs was reported to have a partial response in up to 60% of cases, with median survival ranging from 28 to 70 months and symptomatic relief for median duration of 12 months. King et al. 51 combined radioembolization with systemic 5-FU in 34 patients with unresect- In one of the largest reported series of neuroendocrine liver metastases using laparoscopic RFA in 63 patients to treat 452 liver lesions, the 30-day morbidity was 5% and mortality 0%. The mean tumor size was 2.3 cm (0.5-10 cm) and the mean number of lesions treated was 6 (range, 1-16). Median survival was 3.9 years from the time of first RFA session and most favorable in patients with dominant liver lesions measuring less than 3 cm. 57 Several smaller RFA series for liver metastases from NETs report hormone-related symptom relief after RFA in 69% to 80% with a duration of 10 to 35 months, and local control in as many as 74%. [58] [59] [60] RFA is often used in combination with TAE or TACE and has been shown to provide superior results for large hepatocellular carcinomas, which may be applicable to management of NET liver metastases. 61, 62 Alternatively, MWA uses electromagnetic microwaves to agitate water molecules in the surrounding tumor tissue causing cell death through coagulation necrosis. This technique may be superior to RFA when larger or multifocal tumors are involved. 63 Current limitations of RFA are that complete tumor necrosis is difficult to achieve in tumors larger than 3 cm in diameter. RFA has been used with good results and minimal morbidity for treating patients with advanced neuroendocrine disease, especially when combined with other techniques, such as resection, TACE, or radioembolization, in an effort to spare hepatic parenchyma. 64, 65 Laparoscopic approaches guided by intraoperative ultrasound facilitate the greatest tumor ablation, with minimal morbidity and low rates of tumor recurrence, thereby creating a role for RFA in certain patients who are not surgical able liver metastases from NETs and reported 50% radiologic response, decreased chromogranin A levels in over 50% of patients, and mean survival of 27.6 months. In 2005, McStay et al. 52 reported intraarterial use of 90 Y combined with long-acting octreotide (lanreotide) administered directly to liver metastases in a total of 23 patients with large-volume disease (> 85% tumor burden). Stable disease was reported in 63%, with 60% improvement in biologic markers and a 63% 1-year survival rate. 52 A small (N = 9) study showing a greater than 60% partial response in patients with metastatic NETs treated with radioembolization (33% stable disease) with an almost 50% reduction in liver tumor volume and an estimated time to progression of 11.1 months, 53 is in line with a more recent study of 40 patients with NET liver metastases treated with radioembolization, with at least a partial radiographic response in greater than 60% of patients based on size and necrosis 54 ( Table 3 ). The potential role for radioembolization remains mainly palliative in nature, with some disease stabilization and symptom control in several reported smaller series. The timeline for use of radioembolization remains to be determined through larger prospective case series and more uniform patient populations.
Thermal Ablation
Over the past 2 decades, various devices have been developed to ablate tumors using heat (radiofrequency and microwave) or cold (cryoablation). Although the pros and cons of each modality are beyond the scope of this article, each has been used in the context of unresectable hepatic NET metastases. Radiofrequency (RFA) or microwave (MWA) ablation can be facilitated via image-guided percutaneous, laparoscopic, or open surgical approaches, either as a single procedure or combined with other modalities. candidates because of liver involvement. 66 The ability to use a percutaneous approach allows for application in patients who are not good candidates for surgical procedures or TACE (e.g., those with hyperbilirubinemia).
Conclusions
Taken together, a variety of local and regional liverdirected approaches have shown efficacy in the management of NET liver metastases. When feasible, surgical resection for curative or debulking intent provides the most durable symptom control and overall survival, although these patients represent a highly selected favorable group. More common are patients with high tumor volume not amenable to surgery. Transplantation in these patients should still be considered investigational given the high likelihood of recurrence and limited resources available. Therefore, intraarterial regional therapies, mainly (chemo)embolization or radioembolization, are the mainstays of treatment, offering good symptom palliation and control of liver tumor burden. Larger prospective multi-institutional trials must be completed to determine the actual long-term benefit of TACE, radioembolization, and ablation therapies. The numbers of patients enrolled in TACE DEBDOX and radioembolization studies have been small in the currently published literature. Given the complexity of these patients, treatment decisions should be made in a multidisciplinary setting involving input from experienced medical oncologists, hepatologists, radiation oncologists, interventional radiologists, and surgical oncologists to best determine treatment regimens for patients with metastatic NETs to liver progression. 
